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FOREWCORD

1. This mlitary standard is approved for use by all
Departnents and Agencies of the Departnment of Defence.

2. Beneficial comments ( recommendati ons, additions,

del etions) and any pertinent data which may be of usein
improving this document should be addressed to: Commander, U.S

Arny Mssile Command, ATTN: AMSMI-RD-SE-TD-ST, Redstone Arsenal,
AL 35898-5270 by using the Standardi zati on Docunent | nprovenent

Proposal (DD Form 1426) appearing at the end of this docunent or
by letter.

3. This standard contains requirenents for the
establishment of auniform method for specifying product
cleanliness levels and contam nation control program
requirements.
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1. SCOPE

1.1 Scope. This standard provides a basis and a uniform
met hod for specifying product cleanliness |evels and contam nation
control program requirenents. The enphasis is on contam nants that
cause damage through physical interactions rather than chem ca
i nteractions.

'1.2 Use. These requirenents are unusual and are not required
for all products but are intended for use in mlitary procurenent
and design contracts for only those itens where contam nation
control, by neasurenent for parts, conponents, or fluids, is
necessary to ensure reliability.

1.3 applicability. Wen this standard is nmade part ofa
procurenent contract, the procuring activity shall be responsible

for identifying the applicable requirements contained herein that
apply to the particular contract.

1.4 The log-log® distribution of particles with
a slope of 0.926 is based on a lognormal distribution wth the
maxi mum nunber of particles at the ipm size. Thi's lognormal
di stributioh was derived from neasurenents of precision_ cleaned
hardware and, therefore, is representative of cleaned products.
Products exposed to contam nating environnments can be expected to
collect difrerent distributions of particles.

Safety. The use of the techniques and materials

descri bed here may have significant health, safety, and
environmental inpacts. Appropriate sources of information should

be consulted before the use of such techniques and materials.
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Standard Test Method for Gavinetric
Determ nation of Nonvolatile Residue
(NVR) in Environnentally Controlled
Areas for Spacecraft
ASTM F25 - Standard Test Method for Sizing and
Counting Airborne Particulate
Contam nation in C ean Roonms and O her
Dust-Control |l ed Areas Designed for
El ectronic and Simlar Applications
ASTM F50 - Standard Practice for Continuous
Sizing and Counting of Airborne
Particles in Dust-Controlled Areas and
Cleanrooms Using Instrunents Capable
of Detecting Single Sub-Mcroneter and
Larger Particles
ASTM F51 - Standard Test Method for Siting and
Counting Particulate Contam nants In
and On O ean Room Garnents

AST™ El 235

ASTM F302 - Standard Practice for Field Sanpling
of Aerospace Fluids in_Containers

ASTM F303 - Standard Practice for Sanpling
Aerosgpace Fl ui ds £rom Conponents

ASTM F306 - Standard Practice for Sanpli _n%
Particul ate8 from Man-Accessible

~

Storage Vessels for Aerospace Fluids
by Vacuum Entrai nnent Technique
(General Met hod)

ASTM F307 Standard Practice for Sanpling
Pressurized Gas for Gas Analysis.
ASTM F311 Practice fcx Processing Aerospace

Li qui d 8amples for Particul ate
E_o?-tt;aminat,ion' Analysis Using Menbrane
| ers

ASTM F312 Met hods for Mcroscopical Sizing and
Counting Particles from Aerospace
Fluids on Menbrane Filters

ASTM F318 - Standard Practice for Sanpling
Airborne Particulate Contamination in
Cean Roons for Handling Aerospace
Fl ui ds

ASTM F327 Standard Practice for Sanpling Gas
Bl ow Down Systens and Conponents for
Particulate Contami nation by Automatic
Particle Monitor Method

ASTM F331 St andard Test Method for Nonvolatile
Resi due of Hal ogenated Solvent Extract
from Aerospace Conponents (Using
Rotary Flash Evaporator)
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asT™ F1094 - Standard Test Methods for
M crobi ol ogi cal Mnitoring of Water
Used for Processing Electron and
M croel ectroni c Devices by Direct
Pressure Tap Sanpling Valve and by the
Pre-Sterilized Plastic Bag Method

Applications for copies of referenced As™s shoul d be
addressed to the American Society for Testing and Materials, 1916
Race Street, Philadelphia, PA 19103-1187.)

SOCI ETY OF AUTOMOTIVE ENG NEERS, | NC.

ARP 598 The determnation of Particulate
Contam nation in Liquids by the
Particle Count Method.

ARP 743 Procedure for Determ nation of
Particul ate Contam nation of Air in
Dust controlled Spaces by the Particle
Count Met hod.

(Applications for copies of referenced SAE docunents shoul d be
made to the Society of Automotive Engi neers, Inc., 400 Commonwealth
Drive, Warrendal e, PA 15096.)

(Non-governnent standards and other publications are nornally"
avai |l abl e from t he organizations that prepare or distribute the
docunents. These docunents also may be available in or through
l'ibraries or other informational services.)

2.3 Qrder of precedence In the event of a conflict between
the text of this docunent and the references cited herein, the text
of this document takes precedence. Nothing in this docunent,
however supersedes applicable |laws and regul ations unless specific
exenpti on has been obtai ned.
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3.  DEFINITIONS

3.1 Cleanliness level . an established maxi num allowabl e
anount of ‘contam nation In a given area or volUn®, or on a

conponent .

mass that out gasses |ron1anafer|ai ang suEsequeﬂtI Eghdeﬁggg on a

collector surface as specified in ASTM ES595 expressed as a
percentage of the initial specinmen nmass. See also Total Mass Loss.

3.3 Contaminant = A specific type of contam nation.

3.4 Contamination.. Unwanted material.

3.5 i i . Any organi zed action taken to
control the level of contamnatlon

3.6 nemana::n:ed_%nnixnlsnga. The conditi re a net.hod
of measur enent has passed a aeries of tests to s om1t It gives

equi valent results to those of astandard neasurenent.

3.7 i - A unit of neasurenent equal to one-
mllionth of anmeter, or approximately thirty-nine mllionths of an
i nch (0.000039 inch), or, 25 mcrons |s ap rOX|nateI¥ 0. 001 i nch.
The m croneter has replaced the mcron in the SI system

measur enent .

3.8 Mngnl?:;l%aeamwﬁ IerlaL re lnln after
evaporation of a liquid. Units are determ ned by test met hod

used.

3.9 .2nxLigulALnj¥%§ssnt_n:ﬁg_ggzgzggg. The fraction of the
surface that is covere y particles, reported as total particle

proj ected area divided by total surface area.

; % 10 Pparticle size . The maxi mum |linear dinension of the
particle.

3.11 peint of contact A designated individual position in
an organi zation, the occupant of which has the responsibility for
assuring that contractual contam nation control requirements” are
met. This position is identified and serves as a focal point for
all activities concerning contam nation control.
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~3.12 significant surface. Any surface of an item or product
which is required to neet established cleanliness |evel
requirenents.

3.13 Tptal Mass ILoss (TML) . The mass that outgases froma
material, as specified in ASTM E595, expressed as a percentage of
the initial mass of the specinen.

3.14 Turbidity . The cloudiness of a |liquid caused by the
presence of finely divided suspended naterial.

3.15 volatile condensable material (vcM). (Gaseous products
rel eased froma materjal under specified conditions of tenperature
and pressure, that condense at other specifisd conditions of
tenperature or pressure or both.
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4. CGENERAL REQUI REMENTS

4.1 Contamination control program.
4.1.1 Responsibilitv .

4.1.1.1 Ih3nﬁczIniqn,nzgduggaséganlineaa. The reﬁpansibility
for selecting or determining the degree of product cleanliness.
shall rest wth the engineering organization initially responsible
for the product to be produced or processed.

4.1.1.2 Ach-kmm_animmatmmag_p;mm_ . The
responsibility for achieving and naintaining product cleanliness

shall rest with the organi zati on whose function is to process or
produce the product from the design and related specification

requi renments.

4.1.1.3 assuring the integritv apd continuaty of the

_ : . Theresponsibility for a continuing
contam nation control effort shall rest with a désignated point o
contact, asdefined herein with the authority to assure that the
product neets design and specification requirenents.

4.2 Methq ‘glig-]sx specifving vroduct ?lfnnli ness e Odlg t he
cleanliness lTevel or levels specifie or a partrcular product are

applicable to that product. Product cleanliness shall be specified
in the follow ng manner:
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‘MIL-STD-1246 LEVEL X Y, 2

or additional

p Al ternative
cleanliness levels, consisting of
or nore abbreviations from the
followng list and the maxi num
[imt(s) expressed in the units
descri bed herein:
PAC = Percent Area Covered
PC = Particle Count specified
i ndependently of table I (see
5.1.2.5)
cvcM = Collected Volatile
Condensgable Material I n
accordance with ASTM E595
veM = Vol atile Condensabl e
Material determ ned by nethods
ot her than ASTM ES595
NTU Nephel onetric
-Unite {(see 5.1.2.7).
T™L= Total Mass Loam in
accordance wth ASTM E5S5

Turbidity

one

Y = Non-volatile residue cleanliness |evel
designation from table I1I. s
X = Nunerical particle cleanliness level from
table I.
Only the cleanliness |level applicable to a particular product
shall be specified. If no level is specified, then the
designation shall be omtted. Exanples follow
a. *MIL-STD-1246 Level 2007, refers to particulate only.
b. *MIL-STD-1246 Level 200F~, refers to particulate and NVR.
C. *MIL-STD-1246 Level F”, refers to NVR only.
d. “MIL-STD-1246 Level 200F, CVCM=0.1%, TML=1%", refers to
particul ate, NVR, collected volatile condensable material, and
total mass | oss.

e. “MIL-STD-1246 Level
particulate and

f. *MIL-STD-1246 Level
vol atil e condensable materi al

collected volatile

200, CVCM=0.1%", refers to

condensable materi al .

CVCM=0.1%", refers to collected
only.
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TABLE I. Particle cleanliness levels. 1/
Level Particle Count per Count per Count per
Size, um 1 fe2 0.1 117 liter
1 1 1.0 1.08 10
5 1 2.8 3.02 28
5 2 2.3 2.48 23
5 5 l:0 1.08 10
10 1 84
10 2 1084 7.5 9.07 .70
10 5 3.0 3.24 30
10 10 1.0 1.08 10
25 2 53 57 530
2s ] 24. 8 230
25 3
25 Bl 34 L0 3,67 1.08 N
50 5 166 179 .. 1660
50
50 51 1.3 2 2.07.88 250 73
50 50 1.0 1.08 10
100 5 1785 1930 17850
100 15 265 286 2650
100 25 70 84.2 780
100 50 11 11.3 110
100 100 1.0 1.08 10
200 25 4189 4520 41890
200 50 1240 1340 12400
200 170 184 1700
200 100 16 17.3 160
200 200 1.08 10 1.0
300 25 7455 8050 74550
300 50 1021 1100 10210
300 100 95 103 950
300 250 2.3 2.48 23
300 300 1.0 1.08 10
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TABLE |._particle clesmlineas | evels.__continued.
Level Particle Count per Count per Count per
Size, pm 1 ft 0.1 m liter
500 50 11817 12800 118170
500 100 1100 1190 11000
500 250 26 28.1 260
500 500 1.0 1.08 10
750 50 95807 105000 958070
750 100 8919 9630 89190
750 250 ald 231 2140
750 500 8.1 8.75 81
750 750 1.0 1.08 10
1000 100 42658 46100 426580
1000 250 1022 1100 10220
1000 500 39 42.1 390
1000 750 4.8 5.18 48
10. 00 1000 1.0 1.08 10

1/ Limts on particle count at
or liquid to neet the |evel
than 0.1m? shal

be estimated if total

of cl eanl i ness. L
be cal cul ated tothe basis &f "0.1m.

Sampli

i ndi cat ed particle size for surface
areas ot her
Areas may

e e area is considered by both parties to be too
difficult to neasure within two significant figures. This
condition shall be noted and |ow high ranges shall used. Parts
with atotal significant surface area less than 0.1m* and which
have had the entire critical surface area sanpled shall be accepted
on the basis of actual count.

4.3 Log-log? distribution of particles. Thel og-Ilo0g’
?istribgtion of acceptable particle contam nation is shown in
igure 1.

10
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TABLE |1. Non-volatile residue cleanliness levels
Level Limt, NVR Limt, NVR
mg/0.1m@ o 1/ mg/liter
(or ug/cnf)
A/100 0.01 0.1
A/ 50 0.02 0.2
A 20 0.05 0.5
A/10 0.1 1.0
A5 0.2 2.0
Al 2 0.5 5.0
A 1.0 10.0
B 3.0 20.0
C 4.0 30.0
D "40.0
E 5:0 50.0
F 7.0 70.0
G 10.0 100.0
H 15.0 150.0
J 55.0 250.0-

1/ Limts on non-volatile residue (NVR, ng) for surface,
or gas to meet the | evel
One square foot

of cl eanliness.
= 0.0929 m?.

11
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FIGURE 1.
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5. DETAI LED REQUI REMENTS

5.1 cleanliness levela Tables | and Il prescribe the _
cleanliness |evels established to provide a uniformset of criteria
for specifying product cleanliness in terms of particles or non-
vol atile residues (NVR) or both. Use of these cleanliness |evels
provides a basis for specifying and determ ning conformance to
cl eanliness requirenents.

Unl ess ot herwi se specified, cleanliness levels shall bein
terms of naxinun12?ounts per unit extent (area, volume, mass), such
as count8 per 0.1nf. Use of a particular unit of extent does not
inply that the measurenments’ are to be taken over this extent, but
rather that the total amount is to be divided by the total extent.
In general, higher accuracy is fostered by the neasurenent of
| arger extents. _ o

For contam nant |evels other than particles or, NVR limts
shal| bpe designated by the uUSer iN units prescribed-in 5.1.1.

5.1.1 AnnlicaLiQn_QL_sﬂﬁinlinﬁan_lzxala The cl eanliness
levels of tables | and Il shall apply to surfaces, assemblies,

conponents, fluids, or materials. Docunentation shall include
sanpling details and acceptance criteria. The followi ng units of

neasure shall be used:

(a) Surfaces. Particles categorized by size and count per
0.1 square neter (1 square foot = 0.0929 square neter) of
significant surface area (areas nmay be estinated). Percent area
coverage (PAC) neasured as total particle projected-area divided by
total significant surface area. NVR in mlligrans per 0.1 square
neter of significant surface area (areas nmay be estimated).

{(b) Assemblies, componentx, o r -8 Particles

categorized by size and count.per 0.1 sguare meter of significant
surface area (areas may be estimated). Limits nmay al so be
specified on a per item basis rather than per unit area, volune, or
mass. PAC neasured as total particle projected area divided by
total significant surface area. NVR in mlligrans per square
centimeter of significant surface area (areas may be estimated).
Vol atil e condensable material (veM) frombulk naterial may be
reported in mlligrams per 0.1 square neter of significant area or
per unit mass of bulk material.

{c) Liguids. Particles categorized by size and count per
unit volunme in accordance with ARP 598 or denonstrated equivalent.
NVR neasured in nmass per unit volume. Turbidity is characterized
by Nephelonetric Turbidity Units (NTU).

(d) Gases. Particles categorized by size distribution in
units of count per unit vol une.

13
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5.1.2 Measurement of cleanliness levels

5.1.2.1 pirect pemomants Direct measurenent is the
analysis of part of the surface, liquid or gas of interest.
Exanpl es are counting particles on the surface by using a
m croscope or performng NVR analysis on a sanple of lrquid of
interest. Direct measurenent of particles or Rin situ, is the
nmost accurate technique, although limted nethods exist.
requirenent for direct, non-contact mcroscopic exam nation of
particles on a surface is only feasible if the surface optical
properties allow such exam nation. Alternative surface or fluid
measur ement techniques are acceptable, having denonstrated
equi val ence.

5.1.2.2 Extractive samnling Extractive sampling of surfaces,
liquids or gases for-off-line measurement is the most widely used
approach for particle and NVR cleanliness deternination. Sanple
col l ection techni ques and neasurenent methods to determ ne
cl eanliness shall be accomplished using the ASTM procedures

(partial listing) shown in table 11I,orbydenonstrated
equi val ents. Extractive sanpling is the analysis ofa nedi um ot her
than that of i ntercat. Examples are counting particles on tape

that has been used to renove particles froma surface of interest
in accordance with ASTM B1316 or demonstrated equivalent; or
analyzing liquid used to flush a surface of interest. $Successful
extractive sampling requires a techni que of knownextracti on
efficiency (preferably cl 0ose to 100 percent efficiency).. Multiple
extractions showld.produce concentrations that approach those of
the extraction fluid itself: otherw se, conplete renoval has not
occurred or contam nants é]eneratl_on may be occurring or both.

In sone cases the nmediumof interest Is gas or |iquid comng
fromcontact with a possibly contam nated surface. This is direct
measurement of thegasor liquid, and extractive sampling of the
surface. Becauseof uncertainty in sanpling efficiency, direct
sanpling is preferable to extractive sanpling.

5.1.2.3 Indirect sampling Indirect witness sanples are the
third and | east accurate methodfor particles and NVR cleanliness
determnation, but may be the only nethod avail abl e when direct
scanni ng or physical sanmpling of a product is not feasible. One
method for NVR W tness sanples is docunented in AST™™ El 234 and
ASTM E1235. Particles witness sanples shall take anK f orm whi ch
rePresents the actual condition, and neasurenent nethods shall
follow the sane requirenents specified above.

14
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TABLE I'l1l.  sampling and measurement techniques for
A e 3
Sampling Techniques Measurement Techniques

ASTM F51

ASTM F303 AST™ F311
Surfaced ASTM F306 ASTM F312

AST™ El 216 : ASTM F331

ASTM El 234 ASTM El 235

ASTM F302 ' ASTM F311
Liquids AST™ F303 ASTM F312

ASTM F1094 ASTM F331

ARP 598

ASTM F25 AST™ F25

ASTM FSO ASTM FS0
Gases AST™ F307 ASTM F312

ASTM F318 _ ASTM F331

AST™ F327 ARP 743

5.1.2.4 percent area coverage An alternative nethod of
specifying particulate levels on asurface is expressed as percent
area coverage (PAC). Particle area may be directly measured using
i mage anal ysis or other techniques. herwi se, particle sizing and
counti n% nmust be performed and the val ues converted to a PAC val ue.
Table |1V provides the conversion formula and is based on a sanple
size of 0.1 square neter. Qher possible nmethods for PAC include
obscuration or light scattering, after having denonstrated
equi val ence with actual neasured projected areas.

5.1.2.5 Alternative particle count gpecificatigpns In some

cases, It is desirable to specify a particle count limt in a
manner different fromthat shown'in table I. As exanples, one

m ght specify total count per unit extent for particles in a
specified size range, or the maxinum quantity of particles smaller
than 1 micronmeter, or the maxi num quantity of particles measuring
10 to 50 micrometers, or maximum quantity of particles |arger than
20 micrometers, or specification of another size distribution

limt.

15
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Anot her approach would be to specify certain particles types
to be limted. For exanple, those that contain sodium or are
magneti c. Alternative particle count specifications shall identify
what is to be neasured, how it is to be neasured, and define the
limt in terns of count per unit extent.

5.1.2.6 Yolatile condensable matexial Volatile condensable
material (VCM) is determned from a preconditioned sanple subjected
to a specified tenperature with the VCM collected at a | ower
specified tenperature. Ceanliness requirenents are specified as
CVCM (see 4.2) when tested in accordance with ASTM ES%5 and as VCM
when tested by nethods other than ASTM ES$95.

TABLE IV. Calculating particle percen: area coverage
Particle Particles| X Coeff icitnt = £ Area
Si ze Range Per 0.1 mf Cover age
>1-10 pm 1/ X 1.737 x 10'8 =
> O 25 pm X | 1.528 x 1077 =
>25-50 um x| 7.078 x 1077 = <
>50-100 pm X | 2.435 x 1078 =
>100-150 pm x|5.186 xa10% L
>150-250 pm X | 7.484 x 1076 =
»>250-500 pm X 6.522 x 1076 =
>500-750 pm x| 1.048 x 1075 =
> 750 pm X | 1.922 x 1073 =
(Ssum all values to obtain total percent coverage aresa.)

1/ Value may be estimated by nultiplying counts within the
10-25 pm range for count in the 1-10um range by 3.24. These are
e(mpiréca;. coefficients based on the work of Ma, Fong, and Lee,

see 6.4).

16
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5.1.2.7 Turbidity Turbidity is nmeasured by either the
reduction in transmssion or the increase in scattering of |ight by
articles in aliquid. The units of measurenment are Nephel onetric
urbidity Units (NTUs).

5.2 Statistical apalvsis of data Data shall be analyzed
with statistical techniques, such as those |listed below so as to
derive 95 percent confidence limts (see 6.3).

5.2.1 Ppoisgon statistics (single_samole particle count)
| f only one sanpl e has been obtained and it has a count of N (for N
> 50), then the 95 percent confidence limts for the true iunknomn)
mean count can be estimated from the expression Upper 95% [imt =
(N+1.92) + (1.960 tinmes the square root of [N + 1.0}), and Lower
5% imt = (N+1.92) - (1.960 tinmes the square root of (N + 1.01).
Thi s exBreSS|on | S an approximation when N = 1 to 50. For a count
of N= 0, the limts are 0 to 3.7.

5.2.2 Student‘'s t analysgis Let the nunber of neasurenents
be n, wwth n> 1. Let the values of the neasurenents be x(1),
x(2),...,x{n). Thesanple nean is the sumof the x val ues divi ded
by the nunber of neasurenents taken: _
M= X x/n. The sanple nean is the best estimate of the true nean.

The sanple standard deviation is approximately the square root
of the nmean ofthe squared differences between the sample nean and
the readings:
s = sguare root [& (x-M)2 /(n-1)]. . _

he upper 95 percent confidence |limt for the mean is
M + (t)(s)/square root (n) and the [ower 95% confidence limt for
the mean is M - (t)(s) /square root(n), Where t is obtainable from
tables of Student's t in nobst statistics texts. Formn > 10, t is
about 1.65. The quantity s/square root(n) is known as the standard
error of the nean.

5.2.3 Iransformation of data For particle counts, N,
the transformation y = square root(N) will produce a variable, v,

that often has a distribution that is nore nearly normal (CGaussian)
than is the distribution of N. For particle counts or comcentration
val ues that have a negligible fraction of values that equal zero,
the transformation z = 109 (x) will produce a

variable, 2, that often has a distribution that is nore nearly
normal (Gaussian) than the distribution of x is. Such
transformati on can inprove the accuracy of the Student's t
anal ysi s.

5.2.4 Number of samples. |If the time interval or the spatial
interval over which n sanples are taken has a uniform
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concentration except for random deviations about the nean
concentration, then the difference between one mean of n sanples and

anot her nmean of n sanples would be approxinately proportional to 1/
square root (n). If there are systematic differences of
concentration over the tine interval or spatial interval, then

di fferences between neans wll often be inversely proportional to
powers of n that are |arger than square root(n), such as |/n or
[/n¢. Conparing the means of two or nore sanples of size n can aid

in determ ning how many sanples are needed to get a desired
confidence limt rmagnitude.

5.3 Recordipg data As a mininum the following information
is normally recorded:

(a) Iltemnane and description

(b} Person doing sampling/Analyst

(c) Sanple size

(@) Number of sanples

(e} ldentification ofreplicate sanples

{f) Location

(g) Date/tinme

{h) Operating conditions

(i) Environnent

(3) Equi prent

(k) Method

(1) Results.
If it is desired to display the data graphically, figure.1 indicates
the levels of table 1 plotted on axes of fog of the count versglsgturr]e

square ofthe logarithm ofthe particle size in nicroneters. €
1 is approxi mate and should not be used to define the requirenents

given in table 1I.

5.4 j < 1
program. Based on the specification of product cleanliness, a

contam nation control program shall be inplenmented. The program
shal | enconpass, but is not limted to, the follow ng:

18
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5.4.1 DResign requirements The cleanliness level of the
product and its sensitivity to contam nation shall be determ ned by

the product design activity unless otherw se specified.
Contamination |limts are to be prescribed by design draw ngs or
specifications consistent with the product requirenents. \wen the
product design activity cannot predeterm ne the cleanliness Tevel

a proposed nethod for determining this |evel through investigation,
experinmentation or assessnent shall be included. roduct desian
review in ternms of contanination sensitivity shallpbg conduct ed lgo

finalize requirements.

- 5.4.2 mmmmmmum;n% The desi gnat ed
point of contact with the authority to insure that the product
meets design criteria and specification requirements shall describe
t he organi zations responsible for inplenentation of the program

5.4.3 Rrocesges and contrals Processes and controls

applicable to the product, at each state of manufacture or
processing, including parts, conponents, assenblies, and
materials that will affect the cleanliness of the product, shall
be specifi ed. These processes and controls shall be addressed
according to the requirenents of the contam nation control

progr am

5.4.4 Environmental control Requirenents for the _
cleanliness, environnental controls, operation, certification, and
data tracking for facilities used to fulfill the requirenents of

this standard shall be specified in the plan. Mthods and practices
for control of particulate and nonparticul ate contam nants,

tenperature, relative humdity, or other conditions (see 6.3)
critical to the product Shall be addressed. \Were specification of

airborne particulate concentration is required, the specification
shall be in accordance with FED STD 209.

5. 4. 5 _Sub-tier c - A nethod shall be deternmined for
i mposi ng contam nation control requirenents on sub-tier

contractors.

5.4.6 Calibration procedures Calibration procedures and

frequencies for instrunents and equi pnent used directly or
indirectly for cleanliness verification shall be addressed.

5.4.7 Qualitv control. Quality control procedures and record

keeping shall be addressed to ensure surveillance and conpliance.
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5.4.8 Product protection Mterials and nethod3 for jroduct
protection shallbe addressed :o maintain the required product
cl eanliness |evel.

5.4.9 Personpel. Personnel training, notivation, control
met hods, or other considerations (see 6.3) shall be addressed.
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6. NOTES

(This section contains information of a general or explanatory
nature that may be helpful, but is not nandatory.)

6.1 Intended use. This standard is intended to be used as a
basis and a uniform nethod for establishing product cleanliness and

contam nation control.

6.2 Issue aof DODISS. Wen this standard is used in

acquisition, the issue of the DODISS to be applicable to this
solicitation must be cited in the solicitation (see 2.1.1 and 2.2).

6.3 i 1 The following sources have been
found useful in the conduct of contam nation control prograns:

(a) Institute of Environmental Sciences, Handbook of
Recommended Practices, Contam nation Control D vision, 940 East

Nort hwest H ghway, Mount Prospect XL

(b) WIlson E.B. jr., ‘AnlIntroduction to Scientific Research",
MG aw, NY, 1952

(c) Box GEP., Hunter W.G., Hunter J.S., Statistics for
Experinenters, WIley, Ny, 1978

{d} ASTM Standards for d eanroons, 1993

(e) Mo, P.T., FPong, MC, and Lee, A L., 'Surface Particle
Cbspur ation and BRDF Predictions', SPIE vol. 1165, Scatter from
Optical Conponents, 1989.
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6.4 Subiject term (kev word) listing

Cont am nant

Level , clean _
Material, collected, condensable, volatile
M cronet er _

Resi due, non-volatile

Particle =

Surface, significant

6.5 Changes from previous issue Marginal notations are
not used in this revision to identify changes with respect to the
previous i1ssue due to the extensiveness of the changes.

Cust odi ans: Preparing activity:
Army - M Army - MI
Navy - YD
Alr Force - 99
DLA - GS

. o Proj ect No. 3694-0034
Review activities:
Army - AV, AT, G, AL, AR

Nav
I}—!orce - 70, 71, 84

User activities:

Na - oS, SH
V -

'’ Force - 79
DLA - ES
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APPENDI X
CLEANI NG METHODS AND MATERI ALS

10. GENERAL

10.1 scope. The purpose of this appendix is to provide
non- mandat ory suppl emental guidance for the preparation of
docunents relating to contam nation control programs. The sel ection
of cleaning processes and equipnent is strongly influenced by the
design of itenms, their constructive material and surface
treatnents, and the fabrication process which produce them
Early consideration of the need to clean can result in design,
materials and process changes which do not decrease utility but
result in itenb which can be nore effectively cleaned at a |ower
cost. Included in the considerations should be the health, safety
and environmental impacts of the total manufacturing and cl eaning
process. Many materials may be subject to local, state or federa
statutory control effecting useand di sposal,

20.  APPLI CABLE DOCUMENTS

20. 1 geovernment documents Not applicabl e

20. 2 Non-Govermment.publications The fol|ow ng documents
forma part of this standard to the extent specified herein.
Unl ess otherwise specified, the issue of the docunents which are
DoD adopted are those listed inthe issue ofthe DODISS:cited in
the solicitation. Unless otherwise specified, the issues of
docunents not listed in the DODI SS are the issues of t he docunents
cited in the solicitation (see 60. 2).

AMERI CAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM A380 - Standard Practice for Cleanin% and
Descal ing of Stainless Steel Parts,

Equipment, and Systens

30, DEFINITIONS. This section is not applicable to this
appendi x.

40, GENERAL REQUIREMENTS.

40.1 gleaning methods and materials

40.1.1 Gross cleaning This nethod is use to achieve visibly
clean articles. Goss cleaning renoves contam nants such as weld
scale, heat treat scale, corrosion, oxide filnms, oils, grease, shop
soil, fuel, and carbon deposits. The cleanliness l evel achieved by
gr oss cleanln%Ndoes not normally require verification beyond visual
Inspection. (Wpe test, water break test, ultraviolet inSpection,
special light and mirrors, are considered aids to visual
i nspection.) Goss cleaning is considered a nornal shop process and
usual |y does not require especially clean conditions beyond
accepted good practice.
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APPENDI X
40.1.1.1 Gross cleaniag tvpes The following types of

cl eaners, or their equivalents, may be used for renoving gross
forms of contam nation. NOTE: Chem cal cleaning agents nust be
campatible to prevent excessive attack or |atent degradation.

40.1.1.1.1 Acid cleaners. Acid cleaners are used to renove
contam nation, such as, weld scale, corrosion and oxide filns not
renovabl e by other solutions. Exanples are nitric acid, inhibited
hydrochloric acid, inhibited sulfuric acid, inhibited phosphoric
acid, mxed acid deoxidizers and alcoholic-phosphoric acid.

40.1.1.1.2 Alkalipe cleaners. Al kaline cleaners are used for

the renoval of organic and inorganic contam nation, such as gre=-=,

shop soil, scale and soluble netal oxides. Al kal i ne cl eaners
di ssolve (etch) certain nmetals such as al um num or zinc. Exanpl es
are alkaline rust strippers, heavy duty alkaline cleaners, nolten
al kalies, alkali, alkali"with tityate or phosphate:

40.1.1.1.3 Detergents and mild cleaners These cleaners are
used for the renoval of organic and inorganic contam nation such as
oils, fats, shop soil and grease. Exanples are inhibited alkaline
cleaners (m |l d alkaline cleaners), soaps, enulsion cleaners,
surfactanta, and detergents.

40.1.1.1.4 QOrganic solyent cleaners These cleaner8 are used
to renove forns oforganic contam nation such as oils, ¢rease and
hydr ocar bon fuels. Examples arc al cohol and acetone. Class | Ozone
Depleting Chenmicals (OXs) and Class || OCDs as defined in
paragraph 40.1.2.2.9. ofthis standerd are excluded from use as an

organi ¢ sol vent cleaner.

40.1.1.1.5 ZTap water and dejonized water These cleaners are
used to renove the residue material left by cleaning solutions and
as final flushing or rinsing nmedium

40.1.1.1.6 MNeutrxalizing and passivating so-s Theae
cl eaners are used as a supplenmentary treatnent to acid, alkaline
and mechanical cleaning. The neutralizing and passivating solutions
prevent corrosion and acid etching. Exanples are nitrate,
phosphate, alkali with nitrate or phosphate to neutralize; nitric
acid or nitric acid solutions to passivate.

40.1.1.1.7 Mechanical cleaning This process renoves
contam nation by abrasive action, and is only used when physical
damage to the itens being cleaned will not occur. Exanples of
mechani cal cl eaning are wire brushing, shot blasting (wet and dry),
grinding, sand blasting (wet or dry), the use of alum num oxide,
abrasive coated papers and cloths and rel ated nethods. :
Mechani cal cleaning often |eaves foreign deposits which may require
additional cleaning for their renoval. Conpatibility of di'ssimlar
materials, especially netals, is an inportant consideration when

sel ecting a nechanical cleaning nethod.
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APPENDI X

40.1.1.1.8 Gross cleaning procesges Table V contains the
recormended gross cl eani ng processes and sequences_

40.1.2 preciszion cleaning This nethod is - used to achieve a
| evel of product cleanliness greater than the level normally
detected by visual nmeans. Articles should be visibly clean prior
to precision cleaning. Precision cleaning is perforned In a
controlled environnent, and is intended to remove particles, filns,
bi ol ogi cal forms, fibersand other fornms of contam nants that are
usual I'y not visible, but which could degrade the product or
process. The | evel of precision cleanliness should be verified and
evi dence of inspection and acceptance provided. Preci sion cleaned
articles should be packaged immediately after verification of
" cleanliness, or suitably protected prior te leaving the controlled

envi ronnent .

40.1.2.1 precision cleaning solutionz or f£luids Precision

cl eaning solutions or material should not react wth, conbine with,
etch or otherw se cause immediate or | atent degradation of the item
being cleaned. Precision cleaning fluids should be filtered and
controlled. Their cleanliness |evel should be verified as being
sufficient to achieve the specified product cleanliness. Selection
of precision cleaning fluid nust take into consideration the nature
of the contam nant to be removed, reactivity of the item being
cl eaned, health, safety and environnental, hazards ofthe fluid and
di sposal ofwaste, including spent cleaning fl ui d. Control
_ technology t 0 either contain the precision cleaning fluid, reuse

t , or both nust be provided as health, safety, -and environnenta
hazards dictate. Exanples of materials commonly used for cleaning
I ncl ude abrasive solids, air, earbon di oxi de snow or pellets,
deionized water, detergent, surfactant, inert gas and organic

sol vents.

40.1.2.2 precipion cleaning methods or processes Equi prent
and various nethods auitable for precision cleaning are available.
The appropriate process and equi pnment should be selected on the
basi s of product configuration, conpatibility with cleaning fluids,
type and quantity ofcontam nants, desired cleanliness |evel,
econonmi cs, safety and environnental risks. The follow ng equipnent
and nethods are avail able alone or in conbination when selecting
the appropriate process for a particular product.
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APPENDI X
TABLE V. _Grosscleaning processes 1/

Material Surface Gross Cleaning Processes 3/

Condition
MEC | ORQR ALK|{DET | ACD| NEU} DIW|DRY
Bare or
machined, free X X X X
of heat
_ oxidation

Al um num conversi'on or:
chemical film X | X X | X
Weld scale,
corrosion, or X X X X X

heat oxidation
Bare or machined,

free of heat X X X X
cidati
Copper/brass/| Conversion or
bronze chemical film. X X X X
__qesl.%_i.rzﬂ
We scale,
corrosion, or X| x . X | X
heat oxidatiaon T
Stainless | Fgfg of scale X X X X X
steel 2/ Weld scale, _
corrosion, or X X X X b 4 X
Jear oxidatian
Carbon steel X X X X X
: Weld scale,
corrosion, oOr
heat oxidation X X X X X X X
Non-metallid _
parts, As received X X | X
elastomers
El ectropl ated
parts and )
dissiml ar As received X X X X
netal s

1/ <“x» denotes a r-commended process for the surface condition
indicated, and will normally be acconplished in consecutive order

fromleft to right. _ _
2/ ASTM A380 describes in detail recommended nethods for descaling

and cleaning stainless steel.
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APPENDI X
TABLE V. Gross cleaning processes, continued

3/ O eaning processes defined:

MEC = Mechani cal descale /clean
ORG = Crgan]c sol vent degrease _
ALK = Alkaline clean and tap water rinse
DET = Detergent clean and tap water rinse
A CD = Acid pickle and tap water rinse _
NEU = Neutralize and passivate and tap water rinse
DI W= Deionized water rinse
DRY = Dryi ng
40.1.2.2.1 gSolution c | - The itemis washed in suitable

cl ean detergent/water solution or solvent, followed by a succession
of rinses. Nommally, mechanicalaction such as agitation or
brushing is necessary to assure removal of all contam nants.

40.1.2.2.2 gprav cleaning Spray cleaning nmay be divided in
three pressure ranges in or& of owverall effectiveness:

(a) High ﬁressure - greater than 10, 342 kiloPascals (kPa)
(1500 p.s.i). Hi gh preasure water cleaning should not include
detergents as foam formati on reduces cl eaning efficiency.
Precision fixtures are also required but can be effective at
ﬁIFan|ng conpl ex geonetries including threaded, bl'ind and through
ol es.

{b) Internediate pressure - 690 to 10, 342 xPa (100-1500

p.s.i.). Internediate pressure is lower in efficiency than high
pressure spray cleaning. Addition oflow foam ng surfactant can

Inprove efficiency in certain cases.

(c) Low pressure - less than 690 kpPa (100 p.s.i.). Pressures
at this level are relatively ineffective as a prinmary cleaning
process. However, they are very effective at rinsing away
contam nants which has been | oosened by a previous cleaning
process, Such as ultrasonic cleaning.

40.1.2.2.3 Sonic cleaning Somic cleaning may be divided into
two general ranges based on frequency. Each range exhibits unique

cl eani ng characteristics.

{a) Utrasonic cleaning - 15 to 100 kHz.

U trasoni c cl eaning E{ovrdes nondi'recti'onal cleaning suitable for
conpl ex geonetri es. eaning efficiency is severely limted in

holes and in simlarly tight geonetries. Surface damage may occur
as a result of cavitation erosion.
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(b) Megasonic cleaning - Frequencies greater than 100 kHz.
This method produces highly directional cleaning suitable for
sinple geonetries. Megasonic cleaning tends to produce |ess
surtface erosion than ultrasonic cleaning.

40.1.2.2.4 vapor cleaning The itemto be clean is exposed to
heat ed sol vent vapors which condense on the part and wash away
cont am nants. This is effective for soluble contamnants and is
used as a drying nethod. However, the nethod is relatively
ineffective ¥or smal | particles.

_ 40.1.2.2.5 Flush cleap. The itemto be cleaned is flushed
with a suitable cleaning solution. The itemis agitated thoroughly
to wash all surfaces and the solution is drained away.

40.1.2.2.6 gSpin rinse and gdrying This nmethod is usec
principelly after &nother ¢leaning method has been used. In this
met hod, the itembeing cleaned is rinsed while turning slowmy. 'She
itemis then accelerated to higher speed in revolutions per mnute
(RPM) . The high angul ar velocity accelerates the liquid, remving
particles by shear stress. The Trinsing liquid is also renoved,

thus drying the part.

40.1.2.2.7 Electxopolishing and chemical oolishing The Item
to be cleaned is immersed in a solution specifically fornulated or
energized t0 remove the base material of the _part,. ~ Fixturing the
itemis critical for effective treatnent. he dissolution ofthe
base material snmooths the surface and rel eases contam nant5
enbedded on the surface of the part. Treatnment baths nust be
filtered and processing nust be followed by rinsing with deionized
water to renmove chem cal residue.

40.1.2.2.8 Other methods. Consideration should be given to
ot her cleaning methods not described\ﬁfeviously such as, argon
snow, supercritical fluids, plasnmg, ozone.

40.1.2.2-g Qzone depleting substancea Substances classified
as a Gass | Qzone Depl eting Substance by the Cean Air Act
Amendnent of 1990, and certain Class || ‘0zone depleting substances,
should not be given consideration or recomendation by this
document. dass | substances to be avoided are chlorofluorocarbons
(cFCs), carbon tetrachloride, nethyl chleroform, methyl bronide,
and hydrobromofluorocarbons (HBFCs). C ass II substances to be
avoi ded are hydrochl orof | uorocarbons (HCFCs) 22, 141b, and 142b.

40.1.2.3 Handling during cleaning Di sassenbly, cleaning,
reassenbly, in-process handling, packaging and other operations

involved in cleaning should be conducted In a nmanner to preserve
critical tolerances, finishes, calibration or other sensitive

attributes of the product. Adequate tooling, fixtures, handling
devi ces and product protection should be provided. rtten
instructions for sensitive or critical activities should be
provi ded.
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APPENDI X
50. PROTECTI ON

50.1 Cleanliness protection All precision cleaned itens
shoul d be provided with cleanliness protection prior to leaving the
control |l ed environnent.

50.2 precigion clean packaging The precision clean packaging
should naintain the cleanliness |level specified for the product.

50.3 Storage. Storeroonms or inventory control areas should

provi de adequate protection to the package and the product for the
i nt ended storage period.
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60. | NSPECTI ON

60.1 Inspectiop. |nspection of precision cleaned and
packaged products should be perfornmed as required on a regular or
cKcllc basis to assure continued maintenance of the integrity of
the package and the item The following criteria should constitute
cause for rejection of the precision cleaned and packaged item

o a) | dentification |abel or decal mssing, brokern, illegible
or inconplete.

b) Tanper -proof seal mssing, broken or incorrectly applied.

c) | mpr oper seal open seal or closure, lifted tape, etcd)
Apparently damaged (|nc]ud|ng pi nholes and the like) or violated

package or closure.

. e) Visiblx entrapped noisture (or a change in humidity
indicator) or other unwanted naterial.

£) Any apparent defect that may interfere with the proper
function or use of the item

60.1.1 Breaking of a2 clogure If it is necessary to break a

closure or open a package for inspection, the item should be opened
in a controlled environnent and repackaged to the same conditions

as the original. Al
60.1.2 Inspection reguy

: ; e
| nspection requiring opening of a package or closure should be
limted to a mnimum of occurrences consistent with good practice.

60.1. 3 Traceability. To assure traceability of contam nation
sources, a record should be maintained of all incidents of opening
or closure of the packages. The record should show the date,
responsi bl e person, the reason for opening the package or closure,
and the disposition of the product.

- 60.2 Issuye of DODISS. Wen this standard is used in
acquisition, the issue of the popiss to be applicable to this
solicitation nust be cited in the solicitation (see 2.1.1 and 2.2).
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NOTICE 1
TABLE |. Particle cleanliness levels.l/

Level Particle Count per Count per Count per
Size, pm 1 fe2 0.1 r? liter
1 1 1.0 1.08 10
S 1 2.8 3.02 28
5 2 2.3 2.48 23
5 S 1.0 1.08 10
10 1 8.4 9.07 84
10 2 7.0 7.56 70
10 5 3.0 3.24 30
10 10 1.0 1.08 10
25 2 53 57 530
2s 5 23 24.8 230
2s 15 3.4 3.67 34
2s 25 1.0 1.08 10
SO0 S 166 179 1660
o] 15 25 27.0 250
50 25 7.3 7. 88 73
50 50 1.0 1.08 10

5

100 is5 1785 1930 17850
100 265 286 2650
100 25 78 84.2 780
100 50 11 11.9 110
100 100 1.0 1.08 10
200 15 4189 4520 41890
200 25 1240 1340 12400
200 50 170 184 1700
200 100 16 17.3 160
200 200 1.0 1.08 10
300 25 7455 8050 74550
300 50 1021 1100 10210
300 100 95 103 950
300 250 2.3 2.48 23
300 300 1.0 1.08 10

Supersedes page 9 of 11 April 1994
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TABLE |._particle clesmlineas | evels.__continued.
Level Particle Count per Count per Count per
Size, pm 1 ft 0.1 m liter
500 50 11817 12800 118170
500 100 1100 1190 11000
500 250 26 28.1 260
500 500 1.0 1.08 10
750 50 95807 105000 958070
750 100 8919 9630 89190
750 250 ald 231 2140
750 500 8.1 8.75 81
750 750 1.0 1.08 10
1000 100 42658 46100 426580
1000 250 1022 1100 10220
1000 500 39 42.1 390
1000 750 4.8 5.18 48
10. 00 1000 1.0 1.08 10

1/ Limts on particle count at
or liquid to neet the |evel
than 0.1m? shal

be estimated if total

of cl eanl i ness. L
be cal cul ated tothe basis &f "0.1m.

Sampli

i ndi cat ed particle size for surface
areas ot her
Areas may

e e area is considered by both parties to be too
difficult to neasure within two significant figures. This
condition shall be noted and |ow high ranges shall used. Parts
with atotal significant surface area less than 0.1m* and which
have had the entire critical surface area sanpled shall be accepted
on the basis of actual count.

4.3 Log-log? distribution of particles. Thel og-Ilo0g’
?istribgtion of acceptable particle contam nation is shown in
igure 1.
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METRIC

NOTI CE OF M L- STD- 1246C
CHANGE NOTI CE 1
16 May 1994

M LI TARY STANDARD
PRODUCT CLEANLI NESS LEVELS

AND
CONTAM NATI ON CONTROL PROGRAM

TO ALL HOLDERS OF MIL-STD-1246C:

1. THE FOLLON NG PAGE OF M L-STD 1246C HAS BEEN CORRECTED AND
SUPERSEDES THE PAGE LI STED:

NEW PAGE DATE SUPERSEDED PAGE DATE
9 16 May 1994 9 11 April 1994
10 11 April 1994 10 REPRI NTED W THOUT CHANGE

2. RETAIN THIS NOTI CE AND | NSERT BEFORE TABLE OF CONTENTS.

3. Holders of ML-STD 1246C will verify that page changes and
additions indicated above have been entered. This notice page

will be retained as a check sheet. This issuance, together wth
appended pages, IS a separate publication. Each notice is to be
retained by stocking point5 until the mlitary standard is
conpletely revised or canceled.
Cust odi ans: Preparing activity:
Army - M Arny - M
Navy - YD
Air Force - 99 (Project 3694-0038)
DLA - GS

Revi ew activities:
Ar my - AV, AT, G, AL, AR ME
Navy" - AS, OS, SH
Air Force - 70, 71, 79, 84
DLA -~ ES

AMSC N/ A FSC 3694

DI STRI BUTI ON _STATEMENT _A: Approved for public release;
distribution is unlimted.



M L- STD- 1246C

NOTI CE 2
TABLE I 1. Non-vol atile residue cleanliness |evels
Level Limit, NVR Limit, NVR
mg/0.1m® * 1/ mg/liter
(or ug/cm?)

A/100 0.01 0.1

A/ 50 0.02 0.2

Al 20 0. 05 0.5

A/10 0.1 1.0

A5 0.2 2.0

A 2 0.5 5.0
A 1.0 10.0
B 2.0 20.0
C 3.0 30.0
D 4.0 40.0
E 5.0 50.0
F 7.0 70.0
G 10.0 100.0
H 15.0 150. 0
J 25.0 250.0

1/ Limts on non-volatile residue (NVR), ng) for surface
liquid, or gas to neet the level of cleanliness.
* (ne square foot = 0.0929 m?.

Supersedes page |l1'of 11 April 1994
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Number of Particles,log N

MIL-STD-1246C

Particle size, { log x )2

FIGURE 1. Product cleanliness |evels
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